The role of addition of Ni on the microstructure and mechanical behaviour of C-Mn weld metals
The aim in this work is to study the influence of nickel content (as-welded state and after stress relief heat treatment) on the microstructure and toughness of CMn weld metals obtained with submerged arc welding. The nickel content vary between 0.50 wt.% and 3.11 wt.%. The microstructures were observed using optical microscopy (OM) and scanning electron microscopy (SEM). The toughness was evaluated by Charpy-V impact testing in samples cut transversally to the weld bead. The impact energy showed that nickel content up to 1 wt.% improves the toughness due to the increase of the acicular ferrite (AF) content and microstructural refinement. On the other hand, higher nickel contents have a deleterious effect on the toughness due to the presence of the microconstituent martensite-austenite (M-A) in the weld metal. The stress relief heat treatment did not improve too much the weld metal toughness, even the M-A suffering decomposition (ferrite+carbide). This may be explained by the precipitation of carbides along the boundaries of the ferrite.
Introduction
Although nickel is recognized to be beneficial to the toughness of C-Mn and low-alloy steel weld metals (FARRAR; HARRISON, 1987) , there is not much literature reporting in details the mechanisms responsible for its effect. There is no publicized consensus, for example, about which nickel content range is optimum in order to obtain the highest mechanical properties of the weld metals.
Generally, weld metal of CMn steel with a microstructure formed predominantly by acicular ferrite (AF) has high mechanical properties for both notch toughness and strength. Enhancements in the mechanical properties is mainly due to the very fine grain size of the acicular ferrite (1µm to 3µm), as well as its high boundary angle and high dislocation density, which reduces crack propagation.
However, the predominance of acicular ferrite in the microstructure is not the only factor determining the high toughness of the weld metals. Many authors (GRONG, 1992; EVANS, 1991; ALÉ; REBELLO; CHARLIE, 1996; MATSUDA et al. 1996; HIRAI, 1981) have reported that microphases, specifically the martensite-austenite constituent (M-A) can influence strongly the toughness of weld metals of CMn, low-alloy and medium-alloy steels.
The aim in this study is to investigate the influence of nickel content on the impact toughness of CMnNi weld metals. The welding process used was the submerged arc welding. In order to avoid re-heated regions, the weld joints were composed of a single bead. The welded joints were analysed in the as-welded condition and after an industrially practised stress relief heat treatment.
Experimental details
Plates of the ASTM A36 steel were used as base-metal. The dimensions of the plates were 500 
Results and discussions
Increasing Ni content in the weld-metals lead to a refinement of its microstructure, as shown in Figure 1 . That means that more acicular ferrite is It is important to note that the PF(I) in weld metal after heat treatment is double to that of the weld metal in the as-welded state. This is due to the fact that during heat treatment there was a considerable coarsening of the AF, which becomes the shape of the PF(I). The increasing of FC after heat treatment could be explained by the decomposition of the constituent FS into ferrite+carbides (Figures 3a and 3b) . TRINDADE et al., 2004; EVANS, 1991) in weld metal containing 1.4 wt.%Mn plus Ni.
Higher hardening values were observed due to the strong effect of Mn hardening the weld metals by solid solution. It was observed by Trindade et al. (2006) and Souza (1996) 
